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Outline

Target

Science Objectives
Spacecraft — Mission
Issues

Alternative Approaches

Conclusions:
e APEX does not fit within the PSD SmallSat Study Constraints — 180 kg / S100M.
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Apophis

‘ Brozovic et al. (2015)

Parameter

Dimensions

Volume

Density

Mass

Surface gravity

Escape velocity

Rotation

Aphelion

Perihelion

Orbital period

Inclination

Precession

Radar albedo

Visible albedo

Absolute magnitude

Surface temperature

Thermal inertia

/]

0.04
0.0
0.0

Table 1. (99942) Apophis Basic Information

O apove
O apbove
3 0
3 014
3 0
3 014 :
Long Spin Vector
Axis
3 014
J 014
Intermediate
3 014 Axis
3 014
3 016
Short
Axis
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Normalized Reflectance
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Science Objectives -
e Level 2 objectives

e Rotation period and orientation
e Shape and volume
e Topography
e Determine the rotational state and  Mass and density
bulk properties of Apophis

e Level 1 objectives

Internal tectonic stress seismicity
Surface thermal stress seismicity
Impact induced seismicity

e Determine the interior structure

e Determine the geology and
geologic history of Apophis -
e Geologic history

e Determine the tidal effects on * Surface morphology

surface morphology, interior * Physical properties
structure, rotation. e Calibration of remote sensing data
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Internal Structure

Impacts grind up surface material
into boulders, soil, breccia
Friction keeps
smaller material
- closer to surface

Largest voids
near center of
the asteroid

Solid
Differentiated
Undifferentiated

Fractured Solid

Rubble Pile
Regolith

Gravel
Conglomerate

Walker et al (2006)




Surface Character and Modification

Expose fresh (unweathered) material
Movement downslope
Seismic motion APL




Spin Vector

Intermediate
AXi1s

APL



Trade Studies

SEP
Xenon
L1
Radial Slot Array Antenna (RLSA)
Direct Emplacement

Deployable

ax & B 28

Charlie Brown ' R i K3




Spacecraft

mm 650,62
[inches] [25.61S]

70,78
(2786l

30,32
194]

APEX Spacecraft Mass Summary

Component Unit Mass (kg)

Spacecraft Bus 159

Primary Structure 50

All other Structure 9

Propulsion Hardware 26

Avionics

Power Electronics

Solar Cells

Battery

Attitude Control (all sensors)

RF Communications

Harness

Thermal

Payload

Imaging System

Seismometer

Contingency (30%)

Dry Mass Total

Propellant

Total Mass

Total Mass vs. ESPA (180 kg)

Total Mass vs. EPSA
requalified (200 kg)

Total Mass vs. ESPA Grande




Interplanetary Escape
6/20/25 (TOF= 262 days)

2. Halo orbit ' N N my=195.75 kg C3=2.4 km?/s? . N m st
: AV N _ | ‘ P 307
\ T~ 1. Anti-V burnfrom IMAP ' _ 3408
/ \ reference: 10/1/2024, N\ : 50
( Vomp= zoo kg, 47.3 m/s . ~\ A\ 3765
e

\ \_\ :
\ ~ -

\ . LA Lunar gravity assist [Thrust
~ (N .

6/13/2025 direction g
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Rendezvous 1\
|

|

|
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“a. LunarB plane _ A . 02

targetlng maneuver 240. 2m/,sf . i =

3. Lunar phasmg ! T '
‘Maneuver: 19.2 m/s

10/23/2028

Spacecraft
orbit

1 0.5 0 0.5 1
r (Al

' 6/18/2025

Launch data is flexible. Loiter in the Earth-Moon environment.
Departure of Earth-Moon environment is the real constraint 6/20/2025
Arrival at Apophis October 2028, Flight time is 3+ years.

Assume co-manifest with IMAP — launch by December 2024
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Spacecraft

SEISMOMETER
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Spacecraft

~6X 0,50 SQUARE METERS

11

4696,61
[184.906]

/0.49 SQUARE METERS




Imaging

Parameter

Focal Length

Pupil
Diameter

Detector
North Pole

F / number

FOV

IFOV

SNR

Spectral Bands

Mass (kg)
Optics
Electronics
Structure
Total

*
*
4
*
*
%

South Pole

Power (W)
Average
Peak
Standby

11

NAC
550 mm
25 mm

3D Plus
3DCM681
2048 x 2048
pixels
5.5 um pitch
22
1.17°

10 prad
100
400-700 nm

0.45
0.15
0.11
0.71

Imaging System Details

Proxops
7 mm
2.3

2650 x 1944
pixels
2.2 ym
pitch

3.5
44° x 33°
286 prad
60-100
400-700 nm

0.6
1.5
0.2
2.8

17
19
8




Electrodes (Platinum)

Seismometer

Insulating spacers




Seismometer Deployment

1342,37
[52.848]




Ascent /
Abort

Descend to the surface, insert the seismometer, release, depart.
Allows for verification of deployment and failure recovery (back off and try again).
Similar to NEAR, Hayabusa, OSIRIS-REx trajectories.
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Thermal and radar properties consistent with collection of fine and coarse particles —

regolith.

Thermal inertia of ~ 600 J m-2 s0-> K1,

Radar SC/OC for Apophis is 0.33 + 0.11

0.27 £ 0.04 for Itokawa
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Penetration Resistance Data

Surface Package Anchoring
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Deformation

1le—7+49.999997e—1 Particle Separation over Time
T
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Seismology

Relative Maximum Displacement




Seismology
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Our 3-D simulation of seismic
waves propagating within asteroid
Apophis for a 5 N source at the
surface. Each panel a snapshot of
the evolution within the asteroid
for ground motion in m/s?. Note




Seismology







Seismology

Amplitude of Acceleration Fall Off with Distance

Peak amplitudes of ground motion that would
be recorded by a seismometer at Apophis for a
5 Newton, 1-second duration impact force at
the surface.
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Ground motion near the source (peak at 2
m/s?) and antipode (peak at 3.5 m/s?) are not
shown.
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Data points represent maximum amplitude of
acceleration observed in Apophis for this force.
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Issues — Good and Bad

 Mass Constraints — 228 kg wet
* No obvious technology changes to reduce mass

e Close to the Earth—1 AU
e Communications and power are not a problem

e Seismometer housing and deployment




Summary - APEX

e Important science, unique opportunity — tidal interactions with a large planet
e Challenging mission within PSDS constraints

e CONOPS at a small no-g body — Autonomous operations
e Rendezvous
e Touch the surface

Emplacement of seismometer (tiny self-contained “spacecraft”) — ensure coupling
Data downlink — high data volume from seismometer (40 Gb / Apophis day)

Close to the Earth, close to the Sun

Acknowledgements:
* NASA Planetary Science Deep Space SmallSat Studies Program
e NASA Innovative Advanced Concepts Program

APL




	APEX – Asteroid Probe Experiment
	Outline
	Apophis
	Apophis
	Science Objectives
	Friday the 13th April 2029
	Internal Structure
	Surface Character and Modification
	Rotational Dynamics
	Trade Studies
	Spacecraft
	Trajectory
	Spacecraft
	Spacecraft
	Imaging
	Seismometer
	Seismometer Deployment
	Seismometer Deployment
	Assumption: Apophis ≈ Itokawa
	Surface Package Anchoring
	Deformation
	Seismology
	Seismology
	Seismology
	Seismology
	Issues – Good and Bad
	Summary - APEX



